previous estimates.
- 2- Heavy quarkonium sta·tes offer an interesting laboratory in which to test ideas developed on possible theories of the strong interactions.
For QCD, it is supposed that a heavy quarkonium state (JPC = l decays into three gluons which materialize by fragmenting into hadrons. We expect heavy flavors to be produced in this decay process only through a virtual timelike gluon of large invariant mass. This process is illustrated by figure l.
The total rate for producing heavy flavors in the final state for this process has been estimated. 1 The estimate is based upon an analogue to electromagnetic heavy flavor production in e+e-annihila-
+ -tion.
It is well known that in e e annihila·tion the cross-section for producing a specific flavor is roughly equal to the cross-section for producing a free pair of quarks, if one averages over resonance bumps.
2 This sa~e idea of duality was applied to heavy flavor production in quarkonium decay by calculating the ra·te for production of a pair of free heavy quarks, as in figure 1. The authors of reference l thus determine the branching ration of T to charm + anti-charm + two gluons. The branching ratio is given as a function of the dimen- The lowest order diagrams ·that one mus·t calculate to obtain a gauge invariant result are those of figure 3 . In words, they correspond to heavy quark-antiquark production via a virtual gluon, followed by propagation of the syste.c""!l in a color octet state, with the subsequent emission of an on-shell gluon which is coupled either directly to a quark line ( fig. 3a, In order to illustrate the mechanics of heavy quarkonia production and 'co specifically estimate the branching ratio of T to charmonium, we will assume ·the QQ potential is reasonably approximated by the onegluon-exchange coulomb potential. This approxL"1lation should yield an order of magnitude estima~ce for charmoniu,_-rn, and will become increasingly more accurate as one deals with heavier quark systa~s~
The calculation of the relevent S-matrix element begins by adop-ting a modified interaction picture where the Hamiltonian is divided into an external perturbative part which describes the coupling of the QQ system to external gluons, and a part treated "non-perturbatively" which describes the internal interactions of the QQ system. The internal Hamiltonian for the QQ system in the attractive (repulsive) color singlet (oc·tet) state is H the external gluon to time-like polarization, figure 4a + 4b can be reduced to
where R is the center of mass coordinate of the <!>, r is the relative quark spacing, and the A-field has been made dimensionless.
Furthermore, the approximation can be made that 
induced by the three-gluon-vertex. This is done by calculating figure   5 in the limit of (x -y) -+ 0. Also note that the legs which will ultimately connect to quark lines have timelike polarization to lowest However, this tenn can be rewritten in a way which makes manifest the fact that i·t is effectively the same order in g 2 as the terms from figures 4a and 4b. This is done by using the relation while equation (7) is the gauge invariant expression for ·the spinflip part. Now that cJe have the expressions for the (QQ) 8 -> cjJ + g matrix elements, we can go back and evaluate ·the S-matrix elements of equation (3) for specific final states.
l For n (-s 0 ) production, only the contribution of equation (7) is relevant due ·to the spin structure.
Doing the spin = 0 projection, the sum over all n, and substituting 2 Po .
~.,.
:m s 8 for yields
-0 (12) where sa and are the polarization vectors of the incident and final and for x-production evaluation of (15) and (16) 
than that predicted using the assump-tion of duality, and the associated implicit assumption of dynamical resonance enhancement. 
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